Abstract: Zn-Al-NO 3 -LDH nanostructure was synthesized via the coprecipitation method at molar ratio Zn 2+ /Al 3+ = 4 and pH = 7. The resultant sample was thermally treated at calcined temperatures of 50, 100, 150, 200, 250 and 300 °C. The layered structure of the Zn-Al-NO 3 -LDH samples was stable below the calcination temperature 200 °C as shown in powder X-ray diffraction (PXRD) patterns of calcined samples. The calcination products showed a collapse of LDH structure and ZnO phase was formed at 200 °C and above. The dielectric spectroscopy of LDH was explained using anomalous low frequency dispersion (ALFD) due to the low mobility of LDH carriers. The conductivity spectra of LDH can be theoretically described according to the effective phase within the calcination products of LDH. In the comparison with previously researches, this study presented higher values of DC conductivity for all studied samples.
Introduction
The kind of layered double hydroxides (LDHs) components are anionic clays and have a flat two-dimensional layered structure. The structures of LDH layers has positively charged brucite [ , and m is the number of water molecules presented in the region of interlayer [1] . The importance of LDH materials rose from their ability to intercalate anionic compounds into LDH interlayers. This property makes LDHs useful for the removal of NO x and SO x from flue gas combustion and the purification of water by removing microorganisms (such as bacteria and viruses). This property also allowed LDHs to be used as catalysis and for drug and gene delivery [2] [3] [4] [5] [6] .
LDHs have low mobility charge carriers which are believed to be responsible for the dielectric response.
Zn-Al-NO 3 -LDH has two charge carriers (proton of water clusters and nitrate ions in the LDH interlayer). For that, LDHs have low mobility charge carriers. The anomalous low frequency dispersion (ALFD) has been used to describe the dielectric behavior for the pristine layered double hydroxide [7] .
Ivanov et al. [8] have been studied the dielectric and conductive properties of layered double hydroxide compound in frequency range of (20 Hz-1 MHz) for two kinds of samples, wet and dry samples. This study was carried out at different temperature values (30-290 K) and (160-290 K) for dry and wet samples, respectively. The DC conductivity values for all studied samples were found below 10 −5 S/m and it increased as temperature increased in range of (250-290 K) [8] . In the materials of the layered double hydroxide (Ni-Al-Mo 7 O 24 -LDH and Zn-Al-Mo 7 O 24 -LDH), the dielectric relaxation originated from the reorientational functions of water molecules adsorbed on the oxide surface or in the interlayer regions [9] . As seen in our observations [10] , the measurements of the Zn-Al-NO 3 -LDH in situ dielectric at temperature below 100 °C (27, 50, 70 and 90 °C) were described by ALFD using the second type of Universal Power. The DC conductivity of LDH increased as the in situ temperature increased. In this work, the nanostructure of molar ratio of Zn-Al-NO 3 -LDH at Zn 2+ /Al 3+ = 4 and at constant pH = 7 has been prepared using method of co-precipitation. The LDH was calcined at 50, 100, 150, 200, 250 and 300 °C. PXRD was used to study the structural properties of the synthesized samples. At several calcined temperatures the Dielectric measurements of the Zn-Al-NO 3 -LDH were also recorded.
Materials and Method

Materials
The zinc nitrate starting chemicals (Zn(NO 3 ) 2 · 6H 2 O) (Systerm, 98%), aluminum nitrate (Al(NO 3 ) 3 · 9H 2 O) (Hamburg Chemicals Co., 99.4%) and sodium hydroxide (NaOH) (Merck Co., 99%) were used without further purification. Deionized water was used as solvent throughout this study.
Preparation of Samples
The Zn-Al-NO 3 -LDH precursors preparation has been carried out using co-precipitation method with molar ratios of Zn The nanocomposite results were ground into a smooth powder and stored in bottles of sample for additional use.
Heat-treated samples of Zn-Al-NO 3 -LDH were prepared by heating the LDH at 50, 100, 150, 200, 250 and 300 °C. The samples are labelled as Zn-Al-LDH-T, where T represents the calcination temperature. The heating was performed in an electric tubular furnace at atmospheric pressure in a ceramic boat for 5 h. When the heat treatment was completed, the sample was allowed to cool to room temperature and kept in a sample bottle for further characterisation [11] .
Characterization
PXRD patterns of the samples were obtained on a X-ray diffractometer (X'PERT-PRO PANALYTICAL) using CuK α (λ = 1.54187 Å) radiation at 40 kV and 30 mA. Novocontrol high resolution dielectric analyzer has been used to measure the dielectric relaxations of the samples. Figure 1 exhibits 3D plots PXRD patterns intensity, 2theta and calcination temperature of samples. Figure 1a shows PXRD patterns which are the characteristic reflections of the Zn-Al-NO 3 -LDH structure at the planes of (003), (006), (009), (101), (110) and (113) [12] . PXRD patterns in Figure 1a also exhibits that LDHs structure was not affected when it was calcined at 150 °C and below. The lattice parameter values for Zn-Al-NO 3 -LDH are recorded in Table 1 . The ZnO phase with low intensity was present within LDH samples in this range of calcined temperatures.
Results and Discussion
The Study of Powder X-ray Diffraction
As seen in Table 1 , the decrease in value of the unit cell parameter c indicates to the decrease in the interlayer thickness as the calcined temperature increases. This is due to the liberation of water molecules from the interlayer gallery [13] .
However, increasing of the calcined temperature above 200 °C caused the collapse of the layered structure of LDH and at the same time the emergence of ZnO phase as shown in Figure 1b . PXRD patterns of ZnO phase is indicated by peaks at 2θ = 31.8°, 34.5°, 36.3°, 47.6°, 56.6°, 62.9°, 66.4°, 68° and 69.1°, corresponding to the reflections from (100), (002), (101), (102), (110), (103), (200), (112) and (201) planes, respectively [14] . The intensity of ZnO patterns increases as the increasing of the calcined temperature [13, 15] , which indicates the increase in the crystallinity of ZnO phase. 
Conductivity Spectra
LDH materials have two types of charge carrier which are responsible for the dielectric relaxation [7] . As reported in our earlier article [11] , the proton of the polarized clusters of water is the first carrier and the nitrate ions of the interlayer LDH region is the second one. The proton transfers to produce OH − and OH 3 + ions at every path end of water clusters in the presence of the applied electric field due to proton hopping (intercluster hopping at low frequency region and intracluster hopping at high values of frequency). In this condition, nitrate ions also transfer from their equilibrium positions to serve as an additional charge carrier. The real part's results of the conductivity σ′(ω) spectra of prepared and calcined LDH samples were also reported as shown in Figures 2 and 3 . Figure 2 represents the results for samples of the normal structure of LDH which were calcined at temperature of 150 °C and below, while Figure 3 represents ZnO phase due to the collapse of LDH structure at calcined temperature of 200, 250 and 300 °C. Figure 2 shows that σ′(ω) becomes almost independent of frequency below a certain value when it decreases with decreasing of the frequency. The ionic or DC conductivity (σ DC ) will be obtained by extrapolation of this part of spectra towards lower frequency.
According to ALFD, the behavior of σ′(ω) spectra follows the Jonscher power law [16] which is given by Eqn. (1) and the fitting is illustrated in Figure 2 : (1) In Eqn. (1), represents "true ac conductivity" and A is the factor of preexponential and n is the range of fractional exponent between 0 and 1 for this material [17] . The fit of the experimental data to power law expression is shown by The solid line in the σ′(ω) spectra denotes. The fit values of the DC conductivity σ DC , A and n were obtained using Origin ® nonlinear curve fitting software and recorded in Table 2 . As seen in previous literature [8] , the DC conductivity values were found in range of (10 −6 -∼10 −8 S/m), while values were found in this study exhibited higher contribution (∼10 −3 S/m) as listed in Table 2 . As previously mentioned, Table 2 shows new σ DC values of the Zn-Al-NO 3 -LDH structure for the range of the calcination temperatures and σ DC increases as the calcined temperature increases. This phenomenon is due to the interlayer distance, water content [18] , anion in LDH interlayer and relative humidity [19, 20] . The loss of molecules of water from the LDH interlayer with increasing of the temperature results in the decrease in interlayer distance which implies anion (nitrate ion) conductivity decreases as interlayer distance decreases [18] . As seen in Table 1 , the interlayer thickness decreased slightly while, water content decrease rapidly as calcined temperature increases in this range of temperature as reported in our work [11] . This suggests that the increasing of calcined temperature as a result of the increasing of the removal of water which allows the increasing in the ionic conductivity because the very low electrical conductivity of the water molecule. Light et al. [21] , who stated that the sensitivity of pure water conductivity changed in temperature, confirm our suggestion. Fourier transform infrared (FT-IR) and the electron spin resonance (ESR) spectra exhibit the presence of nitrate anions with D 3h symmetry in LDH interlayer as seen in our observations [11, 22] ; consequently the nitrate anion has a process based transport. This symmetry may give the nature of the ion transport mainly responsible for the measured conductivity [23] . The ionic conductivity increases as the calcined temperature increases at range below the decomposition point (460 °C).
The conductivity spectra for calcined samples at 200, 250 and 300 °C are shown in Figure 3 . As seen in Figure 2 , Figure 3 shows σ′(ω) indicates the decrease with the decreasing of frequency and becomes independent of frequency below a certain value.
Tripathi et al. [24] have shown that the ac conductivity of pure ZnO phase was increasing function of frequency. The real part σ′(ω) spectra can be explained using the power law defined as [16, 25] : (2) where is the hopping frequency of the charge carriers and n is the dimensionless frequency exponent ranging between 0 and 1. The experimental conductivity spectra of ZnO are fitted to Eqn. (2) . The solid line in the σ′(ω) spectra denotes the fitting data to power law expression and the fit values of the DC conductivity σ DC , , A and n were obtained using Origin ® nonlinear curve fitting software and listed in Table 3 . The DC conductivity values of studied samples regarding to ZnO phase were found with higher values than that obtained by this literature [24] , which were below ∼10 −5 S/m. (Table 3) decrease as calcined temperature increases. This observation can be referred to the presence of ZnO with other phase which forms in the calcination process such as residues of LDH (as shown in Figure 1b with temperatures 200 and 250 °C ) and aluminum hydroxide oxide AlO(OH) [12] . The presence of aluminum hydroxide oxide allows decreasing of σ DC value due to the insulating effect of this material.
In the calcined sample at 200 °C, the fit curve shows some disagreement with experimental data due to this sample still clearly contains LDH phase (Figure 1b , which marked within black square symbol). This makes it as intermediate sample between LDH structure and collapsed structure of LDH.
Conclusions
The structure of Zn-Al-NO 3 -LDH was stable at calcined temperatures between 50 and 150 °C. At calcined temperatures of 200 °C and above, the new stage of ZnO was formed and the LDH structure collapsed. The dielectric behavior of LDH samples can be explained by the ALFD which is modeled by the Universal Power Law (second type). Results of all the samples show that the real part of conductivity becomes almost independent of frequency below a certain value and decreases with the decreasing frequency. The ionic or DC conductivity (σ DC ) will be given by the prediction of this part of spectra towards lower frequency, which obtained new values in range of ∼10 −3 S/m. The DC conductivity of calcined LDH blow the temperature of 200 °C increased according to the elimination of the water molecules and the existence of nitrate anions in LDH interlayer. On the other hand, the DC conductivity of the calcined samples at 200 °C and above decreased with the increase in temperature due to the presence of ZnO with calcination products.
